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Abstract 
The increase in life expectancy and the related rising of chronic 
diseases has resulted in the saturation of European healthcare 
systems. eHealth and mHealth technologies place at the disposal 
of the healthcare community various potent tools to improve 
patient care. Specifically, telemedicine tools facilitate remote 
patient monitoring by healthcare providers reducing face-to-face 
appointments. These tools can help in the management of chronic 
conditions, lowering pressure on clinics, reducing waiting time 
for patients and speeding up treatment delivery processes. In this 
regard, this research work proposes a mHealth platform based 
on WebRTC to communicate via videoconference and messaging, 
patients with their healthcare providers. The platform will be 
further adapted and validated in the context of the EmERGE 
project, a five-year Horizon 2020 funded project that proposes a 
new clinical pathway to facilitate patient empowerment and self-
management of HIV while reducing face-to-face consultations for 
people living with stable HIV. 

1. Motivation  
Nowadays, health professionals are calling for greater 
investment in prevention and primary care in order to 
ensure a sustainable future. The primary objective is to 
reduce the number of times a patient goes to a consultation 
and to concentrate the quality of face-to-face encounters. 
As a consequence, this would help to alleviate the over-
saturation of healthcare systems, which will be aggravated 
in the coming years by the natural ageing of the population 
and the increase in the treatment of certain diseases. 

The relevance of technology in healthcare is evident. A 
report by PriceWaterhouseCoopers stated that technology 
promotes a 30% return of investments in this economic 
sector, as well as an enhancement in quality of patient’s life 
[1]. Findings from mHealth intervention studies for 
chronic disease management have shown promising 
aspects, particularly in improving communication between 
patients and healthcare providers [2]. In this regard, a 
global market research conducted by the American 
consulting firm Tractica forecasts a sustained growth in the 
number of video consultations of 34% with 158 million 
sessions in 2020 [3].  

This research work describes the design and 
implementation of a mHealth system based on WebRTC to 
communicate via videoconference and messaging, patients 

with their healthcare providers. The system has been 
proposed with the objective of decreasing face-to-face 
visits and thus, lower the pressure on healthcare systems 
and improve the care provided.  

In order to better fulfil the objectives of this research, a 
revision of the state of the art has been performed. Figure1 
shows teleconsulting platforms currently available in the 
market. The strengths and limitations of these products 
have been analysed and the most important features 
identified. Three features are covered by all the solutions: 
videoconsultation, messaging system and citation service. 
OmniDoctor only covers these three features while Sanitas 
and IMQ applications include the whole set of 
functionalities: calendar, online prescriptions, access to 
medical history and even healthy living programs.  

 
Figure 1 - Comparison of available solutions.Features: 

F1-Available for mobile and desktop; F2-Videconsulting; 
F3-Messaging; F4-Calendar of appointments; F5-

Citation services; F6-Online recipes; F7-Medical history 
reports; F8-Special programs 

2. Materials and Methods 
The videoconference system proposed is based on 
WebRTC and OpenVidu technologies. WebRTC is a free 
and open project that provides browsers and mobile 
applications with Real-Time Communications (RTC) 
capabilities via simple APIs. It makes audio and video 
communication to work inside web pages by allowing 
direct peer-to-peer communication, removing the need to 
install plugins or download native apps. OpenVidu is a 
platform aimed at simplifying the incorporation of video 
calls in web and mobile applications. To facilitate the 
development of the system, a WebRTC media server has 
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been used: Kurento Media Server. Kurento is responsible 
for media transmission, processing, recording, and 
playback and, among its features stand out the possibility 
of making group communications as well as other actions 
such as transcoding, recording, mixing, broadcasting and 
routing of audiovisual flows.  

Node.js has been used for developing the back-end of the 
web platform and Angular 7 for the front-end. Node.js is 
an open-source, cross-platform JavaScript run-time 
environment that executes JavaScript code outside of a 
browser. Angular is a platform and framework for building 
client applications in HTML and TypeScript created by 
Google. It is free and open source and its aim is facilitate 
the creation of modern web applications of SPA type 
(Single Page Application). 

In the case of the mobile app, the main technologies used 
have been Ionic 4, Angular 7 and Cordova. Ionic 
Framework is a complete open-source mobile UI toolkit 
for developing high-quality cross platform apps for native 
iOS, Android and the web, using web technologies. Ionic 
is based in Apache Cordova, an open source mobile 
development framework, which allows Ionic to build and 
deploy as a native app. The core of Cordova applications 
uses CSS3 and HTML5 for their presentation and 
JavaScript for the logic. HTML5 provides access to the 
underlying hardware of the mobile phone.  

Heroku and MongoDB are the web services employed for 
the data management. Heroku is a cloud platform as a 
service based on a managed container system, with 
integrated data services and a powerful ecosystem, for 
deploying and running modern apps. This cloud platform 
facilitates the future implantation of the system in different 
locations. MongoDB is a NoSQL database system for open 
source documents. MongoDB save BSON data structures 
in a dynamic schema, making the integration of 
information quick and easy. MongoDB allows to easily 
organize, use and enrich data in real time and anywhere. 
Moreover, it provides precise control of where data is 
placed so fast performance is ensured as well as the 
compliance with regulations. Finally, Visual Studio Code 
and Postman has been used for coding and testing 
respectively.  

3. Results 
A video-consulting and messaging platform based on 
WebRTC has been designed and implemented in order to 
communicate healthcare providers with their patients. This 
multiplatform has been developed for different use cases 
and for being used through computer or mobile phone. 

3.1. Functional and non-functional requirements 

The following functional requirements have been 
identified (Table 1). 

Table 1 - Functional requirements 

Functionality Description 

Registration 
Users required to register so it can be controlled 
who access the system. The role of the user will 
be specified: patient/doctor 

Authentication Users are required to login to the application on 
each use through username and password.  

Video-
conference 

Patients able to initiate a videoconference only 
the days they have previously fixed 
appointments while the doctors will access the 
videoconferences when the patients have 
already start them. Only doctors can start the 
videoconsultation when they are ready 

Messaging  

Conversations only between two parts, a doctor 
and a patient. Doctors are the only ones who can 
start and delete conversations; once they have 
been initiated, patients are able to send any 
message at any time 

Read/unread 
messages 

Checking system to indicate if the sent 
messages have been read by the receiver. If the 
user has unread messages, a notification will 
appear on the main page 

Calendar Visualization of next appointments.  

Storage 
All the data (users data, messages, 
appointments…) stored in a cloud database that 
will be only available for specific medical staff  

The properties and characteristics required are listed in the 
following non-functional requirements (Table 2): 

Table 2 - Non-functional requirements 

Requirement Description 

Usability 

Easy to be used and learnt, easy to be remembered, 
efficient and able to generate satisfaction in the 
users. Intuitive interfaces, readable and adapted to 
users and different web browsers  

Adaptability 
Platform thought to be introduced in the system of 
different hospitals. It must be easy to implement and 
easy to readapt to different characteristics 

Scalability System prepared for the acquisition of new 
functionalities with minimum change requirements 

Security 
Information sent in a secure way. Stored data only 
accessible by authorized health staff. System only 
accessible to registered and validated users 

Performance The response time in operations must be the 
expected time of any web application 

3.2. Use cases 

The following use case diagram represents the interaction 
of the users with the system for both desktop and mobile 
phone application. 

 
Figure 2 - Use case diagram 
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3.3. System Architecture 

The architecture of the proposed multiplatform is 
represented in Figure 3. It shows that the activities of the 
different actors take place independently without the need 
of being connected to the same local area, but by being 
connected to internet whenever they want to perform any 
action. Nevertheless, in order to start a videoconference it 
is required that both parts, patients and doctors, are using 
the platform at the same time. 

As illustrated in the figure, the system follows a client-
server architecture model and will consist of five main 
components: a browser platform, a mobile phone 
application, a database accessed through the system server 
(API REST) and the server for the videoconference 
(Kurento). 

 
Figure 3 - System Architecture 

Doctors access the platform from their desktop while 
patients can do it as well, or access directly from the mobile 
application. The communication with the database in 
MongoDB is established through the API REST associated 
with the platform in the browser and the mobile phone 
application. Due to this relation the different operations of 
authentication of users, send and receipt of messages, 
consult of appointments and videoconferences are 
performed. This requires the integration of the OpenVidu 
application in the system and a connexion with Kurento 
servers. 

3.4. User`s interfaces  

The Nielsen’s ten heuristic principles has been used [4] to 
ensure the usability of the user’s interfaces. This section 
shows some of the interfaces related to the most relevant 
functionalities of the system.  

Main screen 

The main screen is the principal screen of the platform and 
it is different depending on the role of the user. Its main 
purpose is to allow the user to select the action he/she 
wants to perform: to show the appointments scheduled, to 
establish a videoconference and to access the 
conversations.  

 
Figure 4 – Professional main screen 

There is a navigation bar in the top of every screen 
composed by two buttons: a house, which redirects to the 
main screen, and a logout button for leaving the platform.  

Conversation and messages screen 

The purpose of the conversation screen is to show the list 
of conversations of the user. Conversations are identified 
with a title and a warning message appears if there are new 
messages. Patients can just perform one action in this page, 
access a conversation, while doctors have three options: 
access a conversation, delete one conversation, or initiate a 
new one. 

 
Figure 5 - Professional conversations screen 

 
Figure 6 - Patient conversations and message screen 

Connected patients screen and videoconference 

The connected patients screen is only available for doctors. 
In this screen, the patients connected to the 
videoconference are shown as can be seen in Figure 7. Next 
to all patients, there is a button for accessing the video-
consultations, only enabled for those connected patients. A 
videoconference room screen has been created in order to 
establish the required configurations previous to the video-
consultation. Users can select the camera and microphone. 
In addition, the doctors have a panel with information 
about the patient and the reason for the consultation. By 
clicking into the ‘Iniciar videoconferencia’ button, users 
initiate the session and are redirect to the videoconference. 
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Figure 7 - Professional connected patient screen and 

videconference room 

The videoconference screen for the desktop shows the 
screen divided in two parts, each of them for displaying the 
camera of the two users. In the top, several options appear: 
two buttons for enabling or disabling the microphone and 
the camera, one button for full screen, one for leaving the 
videoconference and redirect the user to the main screen of 
the platform, and one for starting a conversation. This last 
button is mainly thought for chatting in case there is any 
problem with the camera or the microphone. In the case of 
the mobile app, the videoconference screen is simpler. It 
just has the screen divided in two showing the participants 
of the conversation and its username and a button for 
leaving the session.  

 
Figure 8 – Professional&Patient Videconference screen 

4. Conclusions and Future Lines 
A video-consulting and messaging platform based on 
WebRTC has been designed and developed for being used 
through the desktop and the mobile phone. A technical 
validation has been carried out with the aim of ensuring 
that the system developed conforms to the requirements 
under which it was designed.  

One of the main problems faced while developing the 
system was the integration of the OpenVidu architecture 
into our system since it is common model. In order to 
overcome the problem, it was necessary a deep 
understanding of how it internally works and the 
connections that it establishes. Thanks to this, the 
videoconference was changed and adapted to our 
requirements. While performing the state of art research, it 
was found that people was reluctant to use this type of 
technology due to the distrust they generate. Firstly, 
because the information is shared in the net and secondly 
because doctors are afraid of being overwhelmed by patient 
requests. Therefore, we can conclude that it is clearly 
necessary to establish well defined limits for the use of 
these applications. 

The system developed opens the possibility for several 
future lines. The main one is performing a clinical 

validation by deploying it in different hospitals to check 
the quality of the communication and the end user’s 
acceptability. The clinical validation will be done in the 
context of the EmERGE project [5], a Horizon 2020 funded 
project that proposes a new clinical pathway to facilitate 
patient empowerment and self-management of HIV while 
reducing face-to-face consultations for people living with 
stable HIV. 

Regarding enhancement of the system, different 
functionalities can be further explored: (1) inclusion of a 
share screen option in the videoconference, so that doctors 
can present results or other medical documents to the 
patients and vice versa; (2) addition of the screen recording 
option in the videoconference; (3) improvement of the 
videoconferencing and message exchange system, so the 
communication can be established between more than two 
people and (4) allow users to include their own 
appointments in the calendar. 
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